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The objective of this research was to develop a shellac-hydroproyl methyl 
cellulose (Sh-HPMC) composite film with enhanced water vapor barrier. Citric 
acid (CA) was used as an acid catalyst, to promote miscibility between HPMC 
and shellac. In a preliminary test, three different concentrations of CA (1000:1, 
200:1, 100:1) were tested to identify the best Sh:CA ratio. Based on the Water 
vapor permeability properties and mechanical properties, Sh-CA (1000:1 ratio) 
had the most enhanced water vapor barrier and the lowest reduction in tensile 
strength compared to the pure HPMC film (control). In the later part of the 
research, the effect of shellac concentration in the Sh-HPMC composite films 
was studied by performing water vapor permeability (WVP) tests, tensile strength 
(TS), % elongation (%E), surface microscopy, and thermal gravimetric analysis 
(TGA). Among the four different concentration of Sh-HPMC (0.1, 0.5, 1.0, 1.5%), 
the 0.1% Sh-HPMC composite film had the highest moisture barrier as well as 
the best surface quality in the microscopic analysis. These result further 
suggested that the increase in the shellac concentration contributed to the 
reduction of TS and %E. However, 0.1% Sh-HPMC composite films had the 
lowest decrease in the mechanical properties compared to pure HPMC. Thermal 
properties of the pure HPMC were not compromised with the addition of Sh.  The 
TGA results exhibited thermal stability for all the concentrations of Sh-HPMC.  
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Overall, the increase in Sh concentration in the Sh-HPMC composite films 
produced brittle films due to poor miscibility between the complementary 






This thesis is dedicated to my supervisor, Dr. Ron Thomas and my husband, 





I am grateful to God for the life I have seen… With all its struggles, I learned 
about my own capabilities, and for all my happiness, I can always think of 
someone I know.  
Indeed, education is a system of refining ideas and applying it to have a better 
life, however the greatest lessons we learn in life are not written in any textbooks.   
Thank you Dr. Thomas for being my inspiration, for not just the time I have spent 
at school under your guidance but for all the years to come in my life.   
Thank you Saad for believing in my potential, supporting my efforts and standing 
by me in life.  
Thank you Momin for your profound innocence can cheer me up on my dullest 
days and reminds me that life is indeed very beautiful.  
Last but not the least, Thank you Dr. Whiteside and Mr. Moore for being on my 
committee and for your guidance.  
vi	  
	  
TABLE OF CONTENTS 
 
TITTLE ................................................................................................................... i 
ABSTRACT ............................................................................................................ ii 
DEDICATION ........................................................................................................ iv 
ACKNOWLEDGMENTS ........................................................................................ v 
TABLE OF CONTENTS ........................................................................................ vi 
LIST OF TABLES .................................................................................................. ix 
LIST OF FIGURES ................................................................................................ x 
CHAPTER 
I. INTRODUCTION ................................................................................................ 1 
Literatures cited ................................................................................................. 4 
II. LITERATURE REVIEW ..................................................................................... 6 
2.1. What are Biopolymers? .............................................................................. 6 
2.2. Cellulose and its derivatives ....................................................................... 8 
2.3. Application of Biopolymers ....................................................................... 11 
2.3.1. Drug Delivery ..................................................................................... 12 
2.3.2. Wound Healing agents: ...................................................................... 13 
2.4. Hydroxypropyl methyl cellulose (HPMC) .................................................. 15 
2.4.1. Manufacturing of HPMC ..................................................................... 15 
vii	  
TABLES OF CONTENTS (CONTINUED) 
	  
2.4.2. Chemical properties of HPMC ........................................................... 18 
2.4.3. HPMC Application and Research ...................................................... 19 
Literatures cited ............................................................................................... 22 
III. MATERIAL AND METHODS .......................................................................... 28 
3.1. Preparation of films ................................................................................... 29 
3.1.1 Solution Preparation ........................................................................... 29 
3.1.2 Film Casting ...................................................................................... 330 
3.2. Microscopy ............................................................................................... 31 
3.3. Water Vapor Permeability (WVP) ............................................................. 31 
3.4. Thermal properties ................................................................................. 332 
3.5. Mechanical Properties .............................................................................. 32 
Literature Cited…………………………………………………………………..…….35 
IV. RESULTS AND DISCUSSION ...................................................................... 36 
4.1 Effect of the ratio of shellac and acid catalyst on barrier properties of Sh-
HPMC Films ............................................................................................... 38 
4.2  Effect of the ratio between shellac and acid catalyst on mechanical 
properties of HPMC-Sh Films .................................................................... 39 
4.3. Surface morphology and cross sectional image of the HPMC-Sh film…..41 
4.4 Effect of shellac concentration on barrier properties on the                   
HPMC-Sh Films  ........................................................................................ 44 
viii	  
TABLE OF CONTENTS (CONTINUED) 
 
4.5 Effect of shellac concentration on thermal stability : .................................. 46 
4.6 Effect of shellac concentration on mechanical properties of HPMC-Sh 
Films .......................................................................................................... 46 
Literatures Cited .............................................................................................. 48 
CONCLUSION .................................................................................................... 51 
ix	  
LIST OF TABLES 
	  
Table           Page 
 
2.1      Naturally occurring biopolymers………………………………………....8 
2.2 Polymerized biopolymers…………………………….............................8 
3.1 Composition of pure HPMC film and varying compositions 
 of Sh-CA films………………………………………………..…..31 
4.1 Compositions of Sh-HPMC films with varying ratios of shellac  
and citric acid (ShCA)…………………………...………….........39 




LIST OF FIGURES 
	  
Figure           Page 
 
	  2.1 Manufacturing process of HPMC ……………………………………….18 
4.1 Effects of the ratio of shellac to citric acid on water vapor  
permeability (WVP) of Sh-HPMC film………………………….40 
4.2 Effects of the ratio of Sh-CA on the tensile strength and  
% elongation of Sh-HPMC Films ……………………………….42 
4.3 Surface morphology and cross- section of the Sh-HPMC 
 composite films……………………………………………………44 
4.4 Effect of Shellac concentration on water vapor permeability (WVP)  
of Sh-HPMC films………………………………………….………45 








At a time of the current fluctuating economy, it is imperative to progress towards 
more sustainable, renewable, and innovative trends in research and 
development.  The food industry exemplifies a microcosm of the need for 
creative solutions to prevailing socio-economic conditions.  The Perishable 
Group Inc., an independent consulting firm, compared supplier shipment data 
with point-of-sale data from six large national and regional super- market retailers 
to identify food loss and showed a significant level of food waste.  Among the 
many factors that contributed to food waste were the deteriorative reactions 
caused by moisture, gas, temperature, and microbial susceptibility (Jean et al., 
2009). 
Over the years scientists and researchers have been working to find novel 
means to bring forward eco-friendly, cost effective, superior solutions and 
inventions to combat food spoilage.  One such area of research has been to 
enhance applications of biopolymers.  Per an assessment conducted by the US 
Congress (1993), “Biopolymers are a diverse and remarkably versatile class of 
materials that have potential applications in virtually all sectors of modern 
industrial economies”.  In the past, biopolymers have been used in areas such as 
drug delivery, food packaging, and as edible films and coatings.  Due to their 
2	  
natural and biodegradable nature, along with effective barrier properties to gases 
and aromas, biopolymers have been studied as a potential food packaging 
material (Cutter, 2006). For example, chitosan has been deeply studied over 
decades and has been found to exhibit anti-fungal and anti-microbial properties 
which could diminish the deteriorative reactions in food when incorporated in 
food packaging (Jeon et al., 2002;	  Shahidi et al., 1999; Dutta et al., 2009; 
Cooksey, 2005). Another property of biopolymers is its film forming capabilities. It 
has been used to form edible films and coatings, which could function both as a 
packaging and a food component and has also been applied as a coating on 
capsules for drug delivery (Matalanis et al., 2011).  Biopolymer films and coating 
not only demonstrate biocompatibility with food, but also renders barrier 
properties, aesthetic appearance, and edibility (Han, 2000; 2002).  Biopolymer 
films are composed of different kinds of biological components such as proteins, 
lipids and polysaccharides (Kester & Fennema,1986).  Cellulose, being the most 
abundant natural polymers, exhibits excellent film forming properties (Bravin et 
al., 2004) and provides efficient barrier to oxygen and aromas (Greener & 
Fennema, 1989).  However, starch based films exhibit weak moisture barrier 
properties due to their hydrophilic nature (Debeaufort et al., 1994).  Previously 
research was conducted on derivatives of cellulose to improve the barrier 
properties.  One such derivative is hydroxypropyl methylcellulose (HPMC). The 
HPMC films are colorless, odorless, transparent, water soluble, resistant to oil 
and lipids, (Greener & Fennema,1989) and display efficient barrier against 
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oxygen and aromas (Miller & Krochta,1997) .  A study conducted in 2003 showed 
an extension of shelf life of plums which were coated with HPMC-beeswax 
composite edible coating (Navarro-Tarazaga et al., 2011;  Perez-Gago et al., 
2003).  Composite films using essential oils (Burt, 2004), beeswax, paraffin wax, 
corn oil, hydrogenated oil, oleic acid, peanut oil (Kester & Fennema,1986), lauric 
acid, palmitic acid, stearic acid (Vojdani &Torres,1989) have been made over the 
years to improve the moisture barrier properties of HPMC to make it a more 
resistant material.   
The objective of this research was to improve the water vapor barrier properties 
of HPMC by the addition of shellac using citric acid as an acid catalyst without 
compromising the thermal and mechanical properties of HPMC.  Shellac is a 
purified form of the natural polymer Lac, the resinous secretion of the insect 
Kerria lacca (Coccoidea), typically found on several species of trees in Asian 
countries like Thailand and India (Stummer et al., 2010).  It is widely used as an 
adhesive, thermoplastic, sealant, insulating material and coating material in food 
and pharmaceutical industries due to its film forming, hydrophobic and non-toxic 
nature (Pearnchob et al., 2004).  Citric acid is used as an acid catalyst to 
facilitate the mixing of HPMC with shellac to form a miscible solution for 
preparing Sh-HPMC films. 
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Biopolymers is term derived from three greek words- “ bios” meaning living and 
“poly” meaning many and “meros” meaning repeating units. Putting the meaning 
together gives us a general definition of biopolymer as a polymer obtained from 
the living organisms.   
Carbohydrates are distinctly divided into 4 categories- monosaccharides, 
disaccharides, oligosaccharides and polysaccharides. Monosaccharide is the 
simplest carbohydrate unit. One of the most common forms of monosaccharide 
found in humans is glucose. Condensation of two monosaccharides forms a 
disaccharide. (E.g. sucrose, lactose). A polysaccharide (or oligosaccharide) 
could be formed by the long chain linkage of monosaccharide. (e.g., Cellulose, a 
polysaccharide consisting of glucose sub units).  (Carbohydrate, 2011) 
Broadly, biopolymers are distinctly divided in two categories, biopolymers 
occurring naturally and polymerized biopolymers made from renewable 





Natural	  Source	   Description	  	  
Cellulose Wood, cotton, corn, wheat, and others 
This polymer is made up of 
glucose. It is the main 
component of plant cell walls. 
Soy protein Soybeans Protein, which naturally occurs in the soy plant. 
Starch Corn, potatoes, wheat, tapioca, and others 
It is a polymer made up of 
glucose. It is not found in 
animal tissues and is stored in 
the plant tissue. 
Polyesters Bacteria 
These polyesters are created 
through naturally occurring 
chemical reactions that are 
carried out by certain types of 
bacteria. 





Natural	  Source	   Description	  	  
Lactic Acid Beets, corn, potatoes, and others 
Produced through fermentation 
of sugar feedstock, such as 
beets, and by converting starch 
in corn, potatoes, or other 
starch sources. It is 
polymerized to produce 
polylactic acid.  
Triglycerides Vegetable oils 
These form a large part of the 
storage lipids found in plant and 
animal cells. Vegetable oils are 
one possible source of 
triglycerides that can be 
polymerized into plastics. 
 Table 2.2 : Polymerized Biopolymers
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2.2. Cellulose and its derivatives	  
	  
Cellulose is an organic compound, which serves as a structural component of the 
primary cell wall of green plants (Cellulose, 2011). Thus, cellulose represents the 
most abundant organic compound on earth and constitutes the largest fraction of 
cells.   
In 1819, French chemist Henri Branconnet (1780-1855) verified the existence of 
cellulose while studying mushrooms and named it “fungine”. Later he created 
nitrated cellulose by adding potato starch to nitric acid and named it “ Xyloidine”. 
(Cuzens & Miller,1997).  In 1834, Anselme Payen, another French chemist, 
succeeded in isolating cellulose from wood. He named it cellulose because it is 
found in the cell walls of most plants. (Raymond, chapter VII).  
In the following years, cellulose was explored further and scientist researched the 
scope of its use.  Mulder & Knot (2001) discussed the history of plastic in an 
article published in Technology in Society, and states, “It was not until the second 
half of the 19th century that synthetic materials became somewhat more realistic”. 
In 1862, Alexander Parkes of Birmingham, England, created a solvent that would 
dissolve Nitrocellulose (gun cotton), calling his ivory-like resin ‘Parkesine’. He 
began to mold this substance into other products and soon found that it was 
especially suitable for insulating telegraph wires (Alex,1866). It further states, 
“The American John Wesley Hyatt, invented celluloid in 1869, which was used to 
manufacture collars and cuffs. However, these materials had many defects. They 
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burned easily, were not waterproof, degraded in sunlight, and could not be 
molded into useful shapes”. (Peter, 1984) 
Not until the late 1930s did we know how cellulose is formed. Wanda Farr, an 
American scientist, solved the mystery. Until Farr's research, scientists only knew 
that small cellulose granules would appear in the protoplasm of plant cells. 
Wanda Farr, an accomplished biologist and microscopist, made the discovery. 
She established that in each cell of every cellulose-containing plant there are 
plastids in the protoplasm that produce cellulose. Even then, scientists did not 
understand the exact mechanism of cellulose production. Then, in 1997 
researchers finally discovered a gene in the plant “Arabidopsis” that is 
responsible for the synthesis of cellulose. (Farr, 2011).  
Cellulose as we know today, is the most abundant organic compound on earth. 
On average, about 33% of all plant matter is cellulose and represents a 
renewable, polymeric material with many special properties such as 
biodegradability, biocompatibility and durability over a wide range of temperature 
(Zugenmaier, 2006). The annual biosynthesis of cellulose by plants and marine 
algea occurs at a rate of 1011t/a.  The resulting technical importance is underlined 
by the fact that about one-half of the industrial applied polymers have a cellulose 
basis. (Rowell et al., 1992). 
Today, cellulose has found application in many industries. The early inventions 
began with the making of Rayon.  Rayon is the generic term for fiber, 
manufactured from regenerated cellulose.  As early as 1664, English naturalist 
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Robert Hooke theorized that artificial filaments might be spun from a substance 
similar to that which silkworms secrete to make silk. (Li et al., 2007). It was 
reported that in 1855 George Audemars, a French scientist was able to make the 
fist thread in history by dipping a needle into a viscous solution of mulberry bark 
pulp and gummy rubber (Woodings, 2011).  This technique was very slow and 
needed a lot of skill and precision, however, it is remembered as a milestone in 
the history of cellulose and its application.   Later in 1884, Count Hilaire de 
Chardonnet made the first man made fibers from nitrocellulose. He came to be 
known as the 'father of rayon'. He received the original French patent and won 
financial support to establish the world's first rayon factory. Subsequently, other 
scientists developed more cost-effective ways of making many other types of 
rayon. (The Manufacturing Process of Rayon, 2011). Rayon also known as 
“artificial silk” or “Viscose”, found a major application in the fiber industry soon 
after its development. It was liked for silk like aesthetic appeal, softness, moisture 
absorbent properties, moderate strength and having a close resemblance to the 
properties of cellulose. It could withstand ironing temperatures, had no static 
build up and was found resistant to insects.  As with cellulosic fiber, rayon burns 
when ignited (Rayon Viscose, 2012). 
It is interesting to note how the invention of viscose led to more inventions of 
cellulose derivatives. In 1900, Dr. Jacques Edwin Brandenberger, a Swiss textile 
engineer was the first to develop a clear, protective, packaging layer. While 
experimenting he added viscose to cloth and was rather disappointed with the 
results. (Cowley,1985).  The end result was a brittle material too stiff to mold into 
11	  
any form. Yet Brandenberger saw another potential for the viscose material. He 
developed a new machine that could produce viscose sheets, which he marketed 
as Cellophane.  With a few more improvements, Cellophane allowed for a clear 
layer of packaging for any product -- the first fully flexible, waterproof wrap. 
(Rayon and Cellophane, 2011).  By 1912, Brandenberger was making a saleable 
thin flexible film used in gas masks (Bellis, 2011). 
Other derivatives like cellulose acetates are used in photographic safety film and 
certain fabrics, as a substitute for glass and a molding material. Cellulose ethers 
are used in paper sizings, adhesives, soaps, and synthetic resins. When mixed 
with nitric and sulfuric acids, cellulose forms flammable and explosive 
compounds known as cellulose nitrates. Such nitrates include pyroxylin, found in 
various lacquers and plastics; collodion, used in medicine, photography, and 
artificial leather manufacture; and guncotton, an explosive (Chemical uses of 
Cellulose, 2011)  
2.3. Application of Biopolymers 
	  
Over decades, with persistent scientific research and discoveries, 
polysaccharides and their derivatives have worked their way into many industries. 
The medical field has experienced a significant advancement in the development 
and applications of biopolymers.  An interesting article by Stummer et al. (2010) 
discusses intensive and elaborate applications of biopolymers for a wide variety 
of areas.  He reported that, “Many of the applications could be found in the 
medical field and could be roughly divided into three categories- drug delivery 
12	  
systems, healing products and surgical implants”.  For several decades, 
pharmaceutical companies have generated much interest in developing novel 
and economical approaches in the drug delivery system. Due to the changing 
economy, the focus has shifted to not only develop a controlled mechanism for 
drug delivery, but also the most economical and efficient manner (Heller, 1985; 
Lin & Metters, 2006; Kopecek, 2007).  
2.3.1. Drug Delivery  
Biopolymers seem to have a promising future in the field because of their many 
unique properties, the most important being non- toxicity.  Aside from its natural 
composition, ease of renewability makes them cost effective. Currently many 
researches are focusing on multiple biopolymer matrices as a mechanism for 
controlled release of drugs within a specific region in the body (Kunal et al., 
2009).  Over the years, much work has been done on chitosan and alginate in 
the target specific drug delivery system.  Xu et al., (2007) conducted research 
involving development of controlled drug delivery carrier using two naturally 
occurring polysaccharides, chitosan (CS) and alginate (AGL).  The crosslinking 
between the polymers was achieved by using Ca+ ions to develop an ALG-CS 
bead for an oral drug delivery carrier (Miyazaki et al.,1995; Murata et al.1996; 
Zhou et al., 2001; Mi et al., 2002; Ribeiro et al., 2005).  Similar research reflects 
the versatility of biopolymers and their numerous applications based on 
properties such as solubility, non-toxicity, and film forming capabilities.  
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2.3.2. Wound Healing agents 
	  
A hydrogel is a three-dimensional network of hydrophilic polymer chains in which 
at least 20% by weight is retained water (Lloyd et al., 1998). The polymer 
networks are composed of homopolymers or copolymers and are insoluble due 
to the presence of chemical crosslinks (tie-points, junctions), or physical 
crosslinks, such as entanglements or crystallites (Peppas et al., 2000).  
Polysaccharide hydrogels have received attention in recent times because of the 
many favorable properties of polysaccharides such as hydrophilicity, 
biocompatibility, non-toxicity, and cost. (Cavalieri et al., 2006; Coviello et al., 
2007). The presence of water helps the swelling of the three-dimensional 
hydrogel structure. Hydrogels resemble natural living tissue more than any other 
class of synthetic biomaterials. This is due to their high water content and soft 
consistency, which is similar to natural tissue (Ratner & Hoffman, 1976). 
Hydrogels have been studied in depth and holds importance in research because 
of thier special property of biocompatibility with the human body. They have been 
used in making contact lenses, lining of artificial hearts, material for skin implants, 
skin grafting, and membrane biosensors. Hydrogels/xerogels have been used as 
wound management aids where they are used as dressing materials (Peppas & 
Langer, 1994; Peppasb, 1986; Lloyd et al., 1998).  
Since hydrogels are flexible, durable, non-antigenic and permeable to water 
vapor and metabolites, they are used as a wound healing material that could 
prevent infection by bacteria. There are a number of commercially available 
hydrogels /xerogel wound dressing preparations which are available in a number 
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of physical forms, including granules, sheets, fibers and flakes.  
Lately, the research trend includes the novel means of developing hydrogels with 
enhanced and more specific target application within human systems by 
incorporating distinct enzymes. The potential outcomes could bring advancement 
and serve as a solution in many existing complex areas, such as tissue 
engineering, biosensors and diagnosis of diseases such as cancer.
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2.4. Hydroxypropyl methyl cellulose (HPMC)  
 
HPMC is a cellulose derivative.  It is a biopolymer which has been applied in 
various areas of the food industry, cosmetics, and pharmaceuticals because of 
its remarkable properties such as low toxicity, acceptable cost and wide 
availability. It is also known as Hypromellose, which is the international non-
proprietary name (INN) for this substance. (Bonderud, 2011). Physically HPMC is 
a white to yellowish powder which can be soluble in mixed organic or aqueous 
solvent water to form colorless, odorless and non-toxic solutions with excellent 
film forming capabilities. (Samsung fine chemical Co. Ltd.).The HPMC films are 
transparent, water soluble, and resistant to oil and lipids (Greener et al.,1989). 
HPMC is found in many different pharmaceutical grades depending on viscosity 
and degree of substitution of hydroxyl propxyl or methoxyl groups (Herder et 
al.,2006). It has a pH ranging from 5.5 to 8.0 and varying molecular weight of 
10,000 - 1,500,000 g/mol (Samsung fine chemical Co. Ltd.).  Hypromellose is a 
GRAS (Generally Recognized As Safe) material, and is included in the FDA 
Inactive Ingredients Guide, as well as licensed to be used in medicine and as a 
food additive in the UK and Europe (Melvin & Devon, 2006).  
 
2.4.1. Manufacturing of HPMC 
 
HPMC is cellulose ether, manufactured by chemical modification of native 
cellulose.  Cellulose is a polysaccharide composed of a linear chain of (1→4)-
linked β-D-glucopyranosyl units (Krochta et al.,1994).  Cellulose does not 
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dissolve in water, due to the high degree of intermolecular hydrogen bonding in 
the polymer. This property is also influenced by the presence of a high level of 
crystallinity.  By interfering with the formation of crystalline unit cell in a polymer, 
it is possible to change its solubility properties.  One such process employed is 
the formation of derivatives of cellulose by esterification. 
The organic Materials Review Institute (OMRI) complied a Technical Advisory 
Panel (TAP) review and reported the standard manufacturing process of HPMC.  
They reported that, cellulose ethers are manufactured by a reaction of purified 
cellulose with alkylating reagents (methyl chloride) in the presence of a base, 
typically sodium hydroxide and an inert diluent. The addition of the base in 
combination with water activates the cellulose matrix by disrupting the crystalline 
structure and increasing the access for the alkylating agent and promotes the 
etherification reaction. This activated matrix is called alkali cellulose (Milda, 2009). 
During the manufacture of HPMC, alkali cellulose reacts with methyl chloride to 
produce methyl cellulose and sodium chloride. Side reactions of the methyl 
chloride and sodium hydroxide produce methanol and dimethyl ether by-products. 
The methylcellulose is then further reacted with the staged addition of an 
alkylene oxide, which in the case of HPMC is propylene oxide (Kirk-
Othmer.Encyclopedia of Chemical Technology, 1993).  After this reaction, MC 
and HPMC are purified in hot water, where they are insoluble. Drying and 
grinding completes the process  Figure 2.1 shows the manufacturing process of 
cellulose ether. 
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Figure 2.1- Manufacturing Process of HPMC (Milda, 2009)
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2.4.2. Chemical properties of HPMC 
	  
HPMC is commercially available under many names such as cellulose gum, 
hypromellose in powder or granular form and in different grades based on 
varying molecular weight, molar mass and degree of substitution (DS) (Krochta 
et al., 1994),However, for the specifications of the pharmaceutical grades neither 
the molar mass nor its distribution is offered, but instead the viscosity is provided. 
(Larsson et al., 2010).   
Degree of substitution (DS) refers to the average level of methoxy substitution on 
the cellulose chain. Since there are a maximum of three possible sites (2,3 and 
6) of substitution with each cellulose molecule, this average value is a real 
number between 0 and 3 (Hypromellose, 2012).  Larsson et al., (2010) stated 
that HPMC is substituted with both methoxy and hydroxypropoxy groups. The 
methoxy group is more hydrophobic than the hydroxypropoxy group and by 
varying the amount of the two substituents different solubility of the polymer can 
be obtained.  
FCC (Food chemical codex) guidelines state that the range of DS for 
hydroxypropyl  and methoxyl substitution is between 3.0 to 12.0% and 19.0 to 
30.0%, respectively.(George, 2007). Due to the difference in the chemical 
composition based on degree of substitution, HPMC tends to show varied 
polymer properties and behaviors. As a matter of fact, Tg is one of the very 
important parameters which is influenced by the DS of HPMC. The glass 
transition temperature (Tg) of an amorphous polymer is the temperature at which 
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a change from a hard glassy form to a rubber-like plastic structure or viscous 
fluid occurs (Salmen & Back, 1977). Herder et al., (2010) reported that the Tg of 
polymers is dependent on molecular weight, interactions, flexibility and the 
bulkiness of side-groups.  Gómez-Carracedo et al., (2004) studied the influence 
of methoxy and hydroxypropoxy substitution on the Tg of cellulose ethers. They 
concluded that hydrogen bonding is a main factor influencing the Tg of cellulose 
ethers, and that a high methoxy / hydroxypropoxy ratio corresponds to a lower Tg. 
Understanding of the dynamics of the DS in HPMC with regards to its polymer 
characteristics could provide us with a clear direction towards its application. One 
such application is in the pharmaceutical industry.  Viridén et al., (2011) studied 
the effect of the chemical composition of HPMC in matrix tablets on the release 
behavior of model drug substances having different solubility and reported that 
the DS plays an important role in the solubility properties of the polymer.  
 
2.4.3. HPMC Application and Research 
	  
Due to the versatile properties of HPMC, it has found many applications in the 
food, cosmetic, and pharmaceutical industries. For decades, scientists have 
studied the nature of this cellulose ether and have found innovative applications. 
HPMC is one such biopolymer that has applications in the pharmaceutical 
industry.  It has been heavily used in the hydrogel technology and as a coating 
for pills/drugs. It has also been used as a drug carrier, a tableting agent, and an 
emulsifier in ointments and topical creams.  In 2002, an article published in the 
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Journal of Drug Delivery and Development, reported the launch of the first HPMC 
capsule “QUALI-V”, developed by Shionogi Qualicaps as the first HPMC capsule 
developed for eventual use in pharmaceutical products. QUALI-V has been 
submitted to the FDA and its DMF number is 12900 (Nagata, 2008).  Due to its 
non-toxic and hydrophilic nature, HPMC has emerged as a good substitute as a 
coating/film for drug delivery (Ferrero et al., 2010; Gendre et al., 2011; Ku et al., 
2011; Maderuelo et al., 2011; Wei et al., 2012). Intense studies have been 
performed to understand the polymer structure of HPMC and its modification for 
controlled drug release. Hydrophilic polymers have a tendency to swell in the 
presence of water, and this property is beneficial for enteric drug delivery 
(Siepmann & Peppas, 2001).  HMPC inherits certain unique properties that have 
helped it compete with gelatin in the area of pharmaceutical applications. One 
major drawback of gelatin is brittleness (Smithers, 2002).  Unlike HPMC, gelatin 
needs a high temperature and a large amount of water to dissolve and is derived 
from protein, which poses an issue due to the possibility of an allergic response 
in a person (Huyghebaert et al., 2004).  Beside its application as a coating for 
drug delivery, HPMC is also used as an emulsifier for pharmaceutical creams, as 
well as cosmetic lotions.  This is due to the ability of HPMC to form a colloidal 
solution. HPMC can be used in hair care, creams and lotions, skin care serums, 
shaving products, sun care products, and other cosmetic and personal care 
formulations (Methocel Cellulose Ethers, 2002).  Another property of HPMC is to 
increase viscosity of a solution and can be used as a thickening agent or lather 
enhancer and stabilizer. 
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The water retention behavior of HPMC has led to a common use in eye 
medication. It is used as a lubricant in the formulation of eye drop or other 
ophthalmologic aids and relieves dryness and irritation in the cornea of the eye 
(Schulz & Daniels, 2000).  
In addition to being used as an ocular protector, HPMC is also used as an 
adhesive and as an agent to mitigate the presence of water in the construction 
industry. The leading manufacturer of HMPC for industrial applications is Dow 
Wolff Cellulosics GmbH, and one of their most popular products is Walocel™ 
which is a thickening agent.  (Dow Chemical, 2012). 
In research to determine the shelf life of partially baked bread, HPMC was used 
as an ingredient to act as an emulsifier as well as a water retention agent in the 
dough.  It was concluded that the presence of HPMC not only improved the 
texture of the bread; it enhanced the shelf life of the bread by preventing a high 
rate of hardening as well as preservation of sensory attributes (Bárcenas & 
Rosell, 2006).  In another similar attempt, the effect of HPMC on the textural and 
whipping properties of whipped cream was studied and was reported to increase 
the aesthetic appeal as well as the texture properties of the whipping cream. The 
overall improvement of firmness, cohesiveness, consistency and viscosity 
indicated that HPMC was effective in changing the texture of whipped cream 
(Zhao et al., 2009).  
22	  
Literatures cited  
 
Alex, P. (1866). On the properties of parkesine, and its application to the arts and 
manufactures. Journal of the Franklin Institute, 81(4), 264-271. 
Doi:10.1016/0016-0032(66)90104-9 
Bárcenas, M. E., & Rosell, C. M. (2006). Different approaches for improving the 
quality and extending the shelf life of the partially baked bread: Low 
temperatures and HPMC addition. Journal of Food Engineering, 72(1), 92-99. 
Doi:10.1016/j.jfoodeng.2004.11.027 
Bellis, M. (2011). History of cellophane films. Retreived on September 8,2011 
from http://inventors.about.com/od/cstartinventions/a/Cellophane.htm 
Bonderud, D (2011). What Is Hydroxypropyl Methyl Cellulose?. Retrieved on 
December 13th, 2011 from http://www.wisegeek.com/what-is-hydroxypropyl-
methyl-cellulose.htm 
Carbohydrate.(2011).  In wikipedia, The Free Encylopedia.  Retrieved on 
September 10, 2011, from  
http://en.wikipedia.org/w/index.php?title=Carbohydrate&oldid=484315093 
 
Cavalieri, F., Chiessi, E., Finelli, I., Natali, F., Paradossi, G., & Telling, M. F. 
(2006). Water, solute, and segmental dynamics in polysaccharide hydrogels. 
Macromolecular Bioscience, 6(8), 579-589. doi:10.1002/mabi.200600077 
Cellulose. (2011). In Wikipedia, The Free Encyclopedia. Retrieved on September 
11, 2011, from  
 http://en.wikipedia.org/w/index.php?title=Cellulose&oldid=481879231 
 
Chemical uses of cellulose.(2011). Retrieved on September 15, 2011 from 
http://www.bookrags.com/research/cellulose-chemical-uses-of-woi/#bro_copy 
Coviello, T., Matricardi, P., Marianecci, C., & Alhaique, F. (2007). Polysaccharide 
hydrogels for modified release formulations. Journal of Controlled Release, 
119(1), 5-24. doi:10.1016/j.jconrel.2007.01.004 
Cowley, P. R. (1985). The experience curve and history of the cellophane 
business. Long Range Planning, 18(6), 84-90.  
Cuzens, J. C., & Miller, J. R. (1997). Acid hydrolysis of bagasse for ethanol 
production. Renewable Energy, 10(2-3), 285-290.  





Ferrero, C., Massuelle, D., & Doelker, E. (2010). Towards elucidation of the drug 
release mechanism from compressed hydrophilic matrices made of cellulose 
ethers. II. evaluation of a possible swelling-controlled drug release 
mechanism using dimensionless analysis. Journal of Controlled Release, 
141(2), 223-233. doi:10.1016/j.jconrel.2009.09.011 
Gendre, C., Boiret, M., Genty, M., Chaminade, P., & Pean, J. M. (2011). Real-
time predictions of drug release and end point detection of a coating 
operation by in-line near infrared measurements. International Journal of 
Pharmaceutics, 421(2), 237-243. doi:10.1016/j.ijpharm.2011.09.036 
George A., B. (2007). Safety assessment of hydroxypropyl methylcellulose as a 
food ingredient. Food and Chemical Toxicology, 45(12), 2341-2351. 
doi:10.1016/j.fct.2007.07.011 
Gómez-Carracedo, A., Alvarez-Lorenzo, C., Gómez-Amoza, J. L., & Concheiro, 
A. (2004). Glass transitions and viscoelastic properties of carbopol® and 
noveon® compacts. International Journal of Pharmaceutics, 274(1–2), 233-
243. doi:10.1016/j.ijpharm.2004.01.023 
Greener, I. K., & Fennema, O. (1989). Barrier properties and surface 
characteristics of edible, bilayer films. Journal of Food Science, 54(6), 1393-
1399. doi:10.1111/j.1365-2621.1989.tb05120.x 
Heller, J. (1985). Controlled drug release from poly(ortho esters) — A surface 
eroding polymer. Journal of Controlled Release, 2(0), 167-177.  
Herder, J., Adolfsson, Å., & Larsson, A. (2006). Initial studies of water granulation 
of eight grades of hypromellose (HPMC). International Journal of 
Pharmaceutics, 313(1-2), 57-65.  
http://www.wisegeek.com/what-is-hydroxypropyl-methyl-cellulose.htm 
 
Huyghebaert, N., Vermeire, A., & Remon, J. P. (2004). Alternative method for 
enteric coating of HPMC capsules resulting in ready-to-use enteric-coated 
capsules. European Journal of Pharmaceutical Sciences, 21(5), 617-623. 
doi:10.1016/j.ejps.2004.01.002 
Hypromellose. (2012). In Wikipedia, The Free Encyclopedia. Retrieved on 
January 8, 2012,from  
http://en.wikipedia.org/w/index.php?title=Hypromellose&oldid=470209573 
 
Kirk-Othmer.Encyclopedia of Chemical Technology,. (1993). 
Kopecek, J. (2007). Hydrogel biomaterials: A smart future? Biomaterials, 28(34), 
5185-5192. doi:10.1016/j.biomaterials.2007.07.044 
Krochta, J. M., Baldwin, E. A., & Nisperos-Carriedo, M. O. (1994). Edible 
coatings and films to improve food quality. 
24	  
Ku, M. S., Lu, Q., Li, W., & Chen, Y. (2011). Performance qualification of a new 
hypromellose capsule: Part II. disintegration and dissolution comparison 
between two types of hypromellose capsules. International Journal of 
Pharmaceutics, 416(1), 16-24. doi:10.1016/j.ijpharm.2011.02.048 
Kunal Pal, Allan T. Paulson, Derick Rousseau. (2009). Biopolymer in controlled 
release-delivery systems. Modern biopolymer science, 519-557 
Larsson, M., Viridén, A., Stading, M., & Larsson, A. (2010). The influence of 
HPMC substitution pattern on solid-state properties. Carbohydrate Polymers, 
82(4), 1074-1081. doi:10.1016/j.carbpol.2010.06.030 
Li, H., Yang, Y., Wen, Y., & Liu, L. (2007). A mechanism study on preparation of 
rayon based carbon fibers with (NH4)2SO4/NH4Cl/organosilicon composite 
catalyst system. Composites Science and Technology, 67(13), 2675-2682. 
doi:10.1016/j.compscitech.2007.03.008 
Lin, C., & Metters, A. T. (2006). Hydrogels in controlled release formulations: 
Network design and mathematical modeling. Advanced Drug Delivery 
Reviews, 58(12-13), 1379-1408. doi:10.1016/j.addr.2006.09.004 
Lloyd, L. L., Kennedy, J. F., Methacanon, P., Paterson, M., & Knill, C. J. (1998). 
Carbohydrate polymers as wound management aids. Carbohydrate Polymers, 
37(3), 315-322. doi:10.1016/S0144-8617(98)00077-0 
Maderuelo, C., Zarzuelo, A., & Lanao, J. M. (2011). Critical factors in the release 
of drugs from sustained release hydrophilic matrices. Journal of Controlled 
Release, 154(1), 2-19. doi:10.1016/j.jconrel.2011.04.002 
Melvin S. Drozen, & Devon Wm.Hill.  (2006). US Food and Drug Administration- 
Hydroxypropyl Methylcellulose (HPMC) As Being Generally Recognized As 
Safe. Retrived on December 15th,  
 http://www.accessdata.fda.gov/scripts/fcn/gras_notices/grn000213.pdf 
 




Mi, F., Sung, H., & Shyu, S. (2002). Drug release from chitosan-alginate complex 
beads reinforced by a naturally occurring cross-linking agent. Carbohydrate 
Polymers, 48(1), 61-72. doi:10.1016/S0144-8617(01)00212-0 
Milda E. Embuscad. (2009). Edible films and coatings for food applications 
Miyazaki, S., Nakayama, A., Oda, M., Takada, M., & Attwood, D. (1995). Drug-
release from oral mucosal adhesive tablets of chitosan and sodium alginate. 
International Journal of Pharmaceutics, 118(2), 257-263. 
25	  
Mulder, K., & Knot, M. (2001). PVC plastic: A history of systems development 
and entranchment.  Technology in Society, 23(2), 265-286.  
Murata, Y., Miyamoto, E., & Kawashima, S. (1996). Additive effect of chondroitin 
sulfate and chitosan on drug release from calcium-induced alginate gel beads. 
Journal of Controlled Release, 38(2-3), 101-108. doi:10.1016/0168-
3659(95)00098-4 
Nagata, S. (2008). Advantages to HPMC capsules. A New Generation's Drug 
Development and Delivery, 2(2) 
Peppas, N. A. (1986). Hydrogels in medicine. CRS Press, Boca Raton, FL. 
Peppas, N. A., & Langer, R. (1994). New challenges in Biomaterials. Science, 
263, 1715–1720. 
Peppas, N. A., Bures, P., Leobandung, W., & Ichikawa, H. (2000). Hydrogels in 
pharmaceutical formulations. European Journal of Pharmaceutics and Bio-
pharmaceutics, 50(1), 27-46. doi:10.1016/S0939-6411(00)00090-4 
Peter, M. (1984). Pioneer plastic. The making and selling of celluloid: By Robert 
Friedel. Endeavour, 8(1), 48, 153. doi:10.1016/0160-9327(84)90150-9 
Ratner, B. D., & Hoffman, A. S. (1976). Synthetic hydrogels for biomedical 
applications. Hydrogels for Medical and Related Applications, American 
Chemical Society. 
Raymond A., Y. (Chapter VII). Cross-linked cellulose and cellulose derivatives. 
Textile science and technology. 233-281. Elsevier. doi:10.1016/S0920-
4083(02)80010-X 
Rayon and cellophane (2011).  Retrieved on October 12, 2011 from 
http://www.recoveredplastics.com/rayon.htm 
 
Rayon Viscose. (2011).  Retrieved on October 12, 2011 from   
http://www.swicofil.com/viscose.html 
 
Ribeiro, A., Silva, C., Ferreira, D., & Veiga, F. (2005). Chitosan-reinforced 
alginate microspheres obtained through the emulsification/internal gelation 
technique RID B-9829-2011. European Journal of Pharmaceutical Sciences, 
25(1), 31-40. doi:10.1016/j.ejps.2005.01.016 
Rowell, R. M., Schultz, T. P., & Narayan, R. (1992). Emerging technologies for 
materials and chemicals from biomass. American Chemical Society, 476. 
Salmen, L., & Back, E. (1977). The influence of water on the glass transition 
temperature of cellulose. Tappi, 60(12), 137. 
26	  




Schulz, M. B., & Daniels, R. (2000). Hydroxypropylmethylcellulose (HPMC) as 
emulsifier for submicron emulsions: Influence of molecular weight and 
substitution type on the droplet size after high-pressure homogenization. 
European Journal of Pharmaceutics and Biopharmaceutics, 49(3), 231-236. 
doi:10.1016/S0939-6411(00)00069-2 
Siepmann, J., & Peppas, N. A. (2001). Modeling of drug release from delivery 
systems based on hydroxypropyl methylcellulose (HPMC). Advanced Drug 
Delivery Reviews, 48(2-3), 139-157. doi:10.1016/S0169-409X(01)00112-0 
Smithers, N. (2002). Petition for the evaluation of vcaps – hydroxypyl 
methylcellulose for inclusion on the national organic list. Naturally nova scotia 
health products, dartmouth, nova scotia canada. 
Stummer, S., Salar-Behzadi, S., Unger, F. M., Oelzant, S., Penning, M., & 
Viernstein, H. (2010). Application of shellac for the development of probiotic 
formulations. Food Research International, 43(5), 1312-1320. 
doi:10.1016/j.foodres.2010.03.017 





Viridén, A., Wittgren, B., & Larsson, A. (2011). The consequence of the chemical 
composition of HPMC in matrix tablets on the release behaviour of model 
drug substance having different solubility.  European Journal of 
Pharmaceutics and Biopharmaceutics, 77(1), 99-110.  
Farr, W.K. (2011).  Retrieved on October, 20th, 2011 from 
http://en.wikipedia.org/wiki/Wanda_Kirkbride_Farr 
 
Wei, Y., Ye, X., Shang, X., Peng, X., Bao, Q., Liu, M., et al. (2012). Enhanced 
oral bioavailability of silybin by a supersaturatable self-emulsifying drug 
delivery system (S-SEDDS). Colloids and Surfaces A: Physicochemical and 
Engineering Aspects, 396(0), 22-28. doi:10.1016/j.colsurfa.2011.12.025 
Woodings, C. R. (2011). A brief history of regenerated cellulosic fibers.. 






Xu, Y., Zhan, C., Fan, L., Wang, L., & Zheng, H. (2007). Preparation of dual 
crosslinked alginate–chitosan blend gel beads and in vitro controlled release 
in oral site-specific drug delivery system. International Journal of 
Pharmaceutics, 336(2), 329-337. doi:10.1016/j.ijpharm.2006.12.019 
Zhao, Q., Zhao, M., Li, J., Yang, B., Su, G., Cui, C., et al. (2009). Effect of 
hydroxypropyl methylcellulose on the textural and whipping properties of 
whipped cream. Food Hydrocolloids, 23(8), 2168-2173. 
doi:10.1016/j.foodhyd.2009.04.007 
Zhou, S., Deng, X., & Li, X. (2001). Investigation on a novel core-coated 
microspheres proteins delivery system RID B-3148-2010. Journal of 
Controlled Release, 75(1-2), 27-36. doi:10.1016/S0168-3659(01)00379-0 
Zugenmaier, P. (2006). Materials of cellulose derivatives and fiber-reinforced 
cellulose–polypropylene composites: Characterization and application. Pure 




MATERIAL AND METHODS 
	  
Raw Materials 
Hydroxypropyl methylcellulose (HPMC) (grade AN15) was supplied by Samsung 
Finechemical, LTD, Incheon, Korea.  Citric acid 98% (CA) was purchased from 
Aldrich chemistry. Food grade (blond de-waxed) shellac (SH) was purchased 











3.1. Preparation of films 
	  
3.1.1 Solution Preparation  
3.1.1.1. Control Solution- Pure HPMC 
Pure HPMC solution was formed using 12g of HPMC (Grade AN15) in the form 
of a white powder. It was weighed and added in small increments to degased, 
distilled and deionized water at 90ºC. To promote complete dissolution the 
solution was mixed lightly with a magnetic stirrer.  High agitation was avoided 
since this could lead to the formation of air bubbles and foam in the solution, 
which were hard to remove.  The solution was left to stir on the magnetic stirrer 
for 30 minutes, while carefully controlling any increase in temperature above 
90ºC.  After 30 minutes the heat was removed, and the pure HPMC solution was 
left to stir overnight on the same magnetic stirrer.  After 24 hr, a clear HPMC 
solution was formed. Pure HPMC solution was used to make pure HPMC films 
as a control for the research.  
3.1.1.2. Shellac- HPMC (Sh-HPMC) solution 
Due to the difference in the hydrophilic/hydrophobic character of HPMC and 
shellac, the quality of solution of both polymers was poor with many undissolved 
particles.  To promote miscibility between the polymers, an acid catalyst- citric 
acid (CA), was used to stabilize the Sh-HPMC films.  Pure Sh-HPMC solutions 
produced brittle and untestable films.  
Similarly, Sh-CA (2%) was made by weighing 24g of shellac and 0.024 g of citric 
acid in 100ml of ethanol, stirring overnight and filtering using Whatman 11cm 
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hardened 5 filter paper. Using ethanol, the Sh-CA acid solutions were diluted to 
make 0.1%, 0.5%, 1% and 1.5% solutions. 
The procedure to make the SH-HPMC solution involved two steps:   
1) Twelve grams of HPMC was dissolved in 100ml of degassed, deionized, 
and distilled 90 °C water on a magnetic stirrer for 30 minutes. 
2)  1ml of the Sh-CA solutions was added to the HPMC solution. Heat was 
then removed from the burner and the Sh-HPMC solutions were left to stir 
on overnight.  
 Compositions 
Films Sh (g) HPMC (g) CA (g) % SH 
Pure HPMC  0 12 0 0 
Sh-CA 1.2 12 0.006 0.10% 
Sh-CA 6 12 0.03 0.50% 
Sh-CA 12 12 0.06 1.00% 
Sh-CA 18 12 0.09 1.50% 
Table 3.1 : Composition of Pure HPMC film and varying compositions of Sh-CA films.  
 
3.1.2 Film Casting: 
Approximately 45 mL of the prepared HPMC or HPMC/SH solution was cast 
using a customized film caster at 20 mm/sec onto a BYTAC® (Norton 
Performance Plastics Corporation, Wayne, NJ, USA) coated 157 mm x 356 mm 
glass plate. Cast films were then placed in a VWR Scientific Inc. 1150 drying 
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oven for 4 hours and then placed in 50% RH & 25 °C for an additional 8 hours. 
After a total of 12 hours drying, the films were peeled from the glass plates and 




The surface and cross section of the film was observed using a Nikon 
OPTIPHOT (Nikon, Japan) equipped with a color camera (NC-8 CCD, NEC, 
Japan) and Video Micro Scaler IV-550. A 40X objective lens was used for the 
observation of the cross section of the film. 
 
3.3. Water Vapor Permeability (WVP) 
	  
The technique used to measure water vapor permeability was a modification of 
the wet cup method (ASTM International Standard Method E96/96M-10. 
2011).The process involved calculation of water vapor permeability (WVP) in a 
constant temperature and humidity chamber at 25oC and 50% RH. Five 
thickness measurements of the film samples were taken at different locations 
using a Nicon MF-1001/MF501 Digimicro benchtop micrometer. Film samples, 
2.5in x 2.5in, were mounted over the cups and held in place with four evenly 
placed screws. Weight losses from the cups were measured at equal intervals 
over 5 hours. The WVP Correction Method (Mchugh et al., 1993) was used with 
poly methyl methacrylate cups (Piedmont Plastics, Inc., Greenville, S.C., U.S.A.) 
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sealed with O-rings and filled with 12ml water. Before the WVP was determined 
the film samples were conditioned in the controlled humidity and temperature  
chamber for 4 hours. The tests were performed in triplicate and the mean value 
was reported. 
 
3.4. Thermal properties: 
	  
Thermal stability tests were performed using a Hires TGA 2950 Thermo-
gravimetric Analyzer. An equilibrium temperature of 25˚C was ramped to 120˚C 
(isothermal for 10 minutes) at a rate of 20˚C/min and then to 500˚C at the rate of 
30˚C/min. Specimens weighing between 2-6mg were used. 
 
3.5. Mechanical Properties 
	  
Tensile strength (TS) and elongation at break (%E) of the films were measured 
according to the ASTM standard method D882-88 (ASTM International Standard 
Method D882-10, 2011) using an Instron Universal Testing Machine (Model 4201, 
Instron Corp., Canton, MA, U.S.A.) and Satec Testing Machine. Ten test samples, 
10 cm x 2.5 cm, were cut from each film and the samples were then conditioned 
at 25oC and 50% RH for 48 hours in a constant temperature and humidity 
chamber prior to testing.  Initial grip separation and crosshead speed were set at 
5.05cm (2 in) and 2mm/sec (0.0787in/sec), respectively. The grips were 2in apart, 
and the rate of pull was fixed at 2 in/minute. Three different thickness 
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measurements were taken per sample with the average of the three readings 
used. The testing was performed using a draw down direction and the values 
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CHAPTER 4 
RESULTS AND DISCUSSION 
	  
	  
The primary objective of this research was to establish the water vapor barrier 
properties of HPMC film.  Previously, many attempts have been made to achieve 
this objective, and employing various methods such as incorporation of lipids and 
fatty acid with polysaccharide and protein based biopolymers. (Gallo et al., 2000 ; 
Soazo et al., 2011 ; Ayranci et al., 1997 ; Donhowe & Fennema 1993; Fennema 
et al., 1993). 
In this study, pure HPMC films were compared to Sh-HPMC films were used as 
test sample to determine the change in water vapor permeability with the addition 
of Sh.  It was observed that the pure HPMC films showed high WVP value 
compared to composite Sh-HPMC films.  This obviously is a result of the 
hydrophilic nature of the film in its pure form. HPMC, being a hydrocolloid, 
absorbs water molecules due to hydrogen bonding with water molecules and 
itself.  As a result, when the film is exposed to water/moisture it tends to allow a 
water vapor permeability.  However, in the Sh-HPMC composite, shellac is a 
hydrophobic component that repels water molecules from forming a bond due to 
its hydrophobicity (Nelson & Fennema,1991; Kester and Fennema, 1991) and 
hence reduces the permeability of water vapor through the composite film. 
Jimenez et al., (2010) studied the effect of fatty acid association on the 
microstructure and physical properties of HPMC.  They reported that the 
incorporation of fatty acid increased the moisture barrier properties of the film 
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compared to the pure HPMC film.  In the last two decades similar work has been 
done to enhance the barrier properties of biopolymers to make them suitable for 
packaging applications (Ghasemlou et al., 2011; Navarro-Tarazaga et al., 2011 ; 
Gallo et al., 2000 ; Soazo et al., 2011 ; Ayranci et al., 1997 ; Donhowe & 
Fennema, 1993 ; Fennema et al., 1993). A diffiulty in making a composite film of 
Sh-HPMC is the immisibility of the polymers.  Similar attempts were made by 
Pearnchob (2004) to improve disintegration of shellac-coated soft gelatin 
capsules in simulated intestinal fluid.  He reported that with ethanolic or aqueous 
shellac solutions, the addition of appropriate types and amount of additives (e.g., 
organic acids and hydrophilic polymers such as HPMC) effectively accelerated 
the disintegration times.  However he was only successful in making a composite 
coating with the help of triethyl citrate (TEC) that served as a plasticizer. 
Plasticizers have been necessary to maintain film and coating integrity and to 
avoid pores and cracks (Garcia et al., 2000). HPMC being a hydrophilic molecule, 
opposes the hydrophobic character of shellac when used together to form a 
solution. As a result the dope solution to form the film is observed to have 
insoluble particles. Previous studies indicated that the gas and water vapor 
barrier properties of an edible film and coating vary greatly with composition and 
presence of bubbles and pinholes of the film.  To facilitate miscibility between Sh 
and HPMC, citric acid (CA) was used as an acid catalyst.  The additive (CA) was 
used in different concentration with Shellac to identify the best ratio.  Varying 
concentrations of CA were tested with an emphasis on the WV barrier effect and 
the best ratio of shellac and CA was selected to conduct further studies. 
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4.1 Effect of the ratio of shellac and acid catalyst on barrier properties of Sh-
HPMC films 
	  
During the preparation of composite films using HPMC and Shellac, it was 
observed that the two components were not completely miscible, due to the 
difference in the nature of the respective components being hydrophilic and 
hydrophobic. In order to promote miscibility, citric acid was used as an acid 
catalyst in three different concentrations.  Acid catalysts are chemical additives 
that are added to reduce the activation energy of a reaction to increase the rate 
of reaction with the help of protons (hydrogen ions).Table 4.1 shows the three 
different concentrations of citric acid used along with shellac and HPMC to form a 
dope solution. A ShCA ratio of1000:1 concentration was found the best among 
the other used concentrations.  The best ratio between shellac and citric acid 
was determined by mechanical testing and water vapor permeability of the 
composite films (ShCA-HPMC). According to Figure 4 1 it was observed that the 
lowest water vapor permeability was observed in the films made with a 1000:1 
ShCA ratio. The WVP of pure HPMC was 15.73 g µm / m2 day Pa and was 
lowered to 14.19 g µm / m2 day Pa in the 1000:1 ShCA ratio.  This may be 
attributed to a substitution of OH hydrophilic group in HPMC with a hydrophobic 
ester groups from shellac, making it difficult for the water molecule to diffuse 
( also referred to as the anti-plasticizing effect of water).  Limmatvapirat et al., 
(2008) conducted research involving the formation of shellac succinate having 
38	  
improved enteric film properties. They reported that the low solubility of shellac 
could be resulting from the low number of carboxyl acid groups.  They further 
reported that esterification could lead to polymerization among the functional 
groups in shellac molecules leading to more instability.   A similar study, using 
citric acid and carboxy-methyl cellulose showed an increase in the WVP with 
increasing concentration of citric acid due to a plasticization effect 
(Ghanbarzadeh et al., 2010).  This was due to the residual CA molecules that 
increase the space chain mobility leading to increase in the water vapor 
permeability.  In agreement with Limmatvapirat (2008), it is observed that with 
the increasing concentrations of CA with shellac, the WVP increased due to the 
improved solubility. However, the film quality depreciated with an increasing 
concentration of CA, ultimately adversely affecting the barrier property of the film. 
	  
 Compositions 
Films Sh (g) CA (g) HPMC(g) % Sh 
Pure HPMC  0 0 12 0 
ShCA(1000:1)HPMC 10 0.01 12 1.2% 
ShCA (200:1)HPMC 10 0.05 12 1.2% 
ShCA (100:1)HPMC 10 0.1 12 1.2% 
	  
Table 4.1 : Compositions of Sh-HPMC films with varying ratio of shellac and citric acid (ShCA) 
39	  
 
Figure 4.1 : Effect of the ratio of shellac to citric acid on Water Vapor Permeability (WVP) of Sh-
HPMC films 
 
4.2  Effect of the ratio between shellac and acid catalyst on mechanical 
properties of Sh-HPMC Films  
The objective of this study was to make Sh-HPMC composite films with higher 
WV barrier properties, while ensuring that the intrinsic thermal and mechanical 
properties of HPMC were not compromised. Tensile strength (TS) and 
Elongation at break (%E) of Sh- HPMC films were evaluated to determine the 
effect of the ratio of shellac and acid catalyst (ShCA).  From the preliminary 
testing it was observed that the HPMC and Sh were not miscible due the 
difference in their water affinities. CA was used as a catalyst to influence 
miscibility between the two polymers, HPMC and Sh. In a previous study, Farag 
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& Leopold (2011) worked on development of sustained drug release from pellet 
formulation using shellac as a coating material. Among the different sub coat 
substituents, they analyzed a sub coat consisting of citric acid for the drug 
release. In 2007, Limmatvapirat et al., reported that shellac has a comparatively 
high dissolution pH of about 7.3, which makes it unsuitable for conventional 
enteric coatings since the pH of stomach is low.  However, it was suggested that 
this property of shellac could perhaps make it suitable for drug delivery 
application for the colon, since the pH in the colon tends to be much higher than 
the stomach. (Ravi & Kumar, 2008 ; Roda et al., 2007). Results from this 
research showed the most sustained dissolution of shellac pellet with a sub-
coating of high CA content. This could have been a result of the poor dissolution 
of Shellac due to the increase in concentration of CA, further decreasing pH. 
In this research, results suggest that the mechanical properties of the composite 
film decreased with increasing ratio of CA compared to pure HPMC.  This 
observation is in agreement with Farag et al., (2011). It was noticed that the 
resulting films formed with higher Sh-CA ratio were poor with larger particles and 
bubbles.  It is assumed that this was due to agglomeration of Sh.  Figure 4.2 
shows the efftects of ration of ShCA on the TS and %E of the Sh-HPMC films. 
In other research conducted (Pearnchob et al., 2003), the effect of addition of 
citric acid along with other organic acids with shellac was studied. It was found 
that citric acid did not improve the mechanical property of shellac films. The Sh-
CA films showed no improvement in flexibility.  In this research, 3 different ratios 
of Sh- CA were analyzed to select the best ratio (1000:1, 200:1, 100:1).  The % E 
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showed very little change with the varying Sh-CA ratio compared to pure HPMC.  
However a slight trend of decreasing TS with higher Sh-CA was noticed. There 
was a 11% and 13% decrease in the TS for 200:1 Sh-CA  and 100:1 Sh-CA 
composite films, respectively, compared to the pure HPMC films.  1000:1 Sh-CA 
films was selected to the best ratio for developing composite because to the 
lowest decrease in the TS of composite film compared the pure HPMC film.  
 
Figure 4.2 : Effects of the ratio of ShCA on the tensile strength and % elongation of Sh-HPMC 
films  
4.3. Surface morphology and cross sectional image of the HPMC-Sh film  
	  
 Preliminary studies were performed to determine the best concentration of 
HPMC to form the composite films.  It was observed that with the increase in the 
HPMC concentration, the viscosity of the solution also increased.  The resulting 
42	  
films were thick with pinholes and bubbles. This result was in agreement with 
other research conducted by Turhan & Shahbaz (2004). Therefore, composite 
films of Sh-HPMC were prepared using CA as an acid catalyst. Due to the 
contrasting nature of HPMC and Sh, It was observed that even in the presence 
an acid catalyst, the film quality was poor at the higher concentrations of Sh. Fig. 
4.3 shows the surface morphologies of the Sh-HPMC composite films.  Unlike 
the pure HPMC film, it was seen that both the size and number of particles 
increased with increasing concentration of Sh due to decreasing miscibility 
between the hydrophilic HPMC and hydrophobic Sh. Another possible 
explanation of this observation comes from previous research that explains Sh 
has good film forming capabilities, but due to its brittle nature it is prone to cracks 
and delaminating (Limmatvapirat et al., 2007).  Fig. 4 shows the cross sections of 
the pure HPMC followed by increasing concentration of Sh in composite films.  
From the images it is remarkably visible that the quality of films becomes poor 
with increasing particles size and scaling, corresponding to the increase in 
concentration of Sh in the film.  This may be explained by the tendency of shellac 
to form brittle delaminating film. Since 0.1% Sh-HPMC forms a miscible clear 
solution with the smallest concentration of Sh, the resulting film had the best 
physical properties next to the pure HPMC. 
43	  
 
Figure 4.3 : Surface morphology and cross section of the Sh-HPMC composite films 
 
4.4 Effect of shellac concentration on barrier properties on the Sh-HPMC films  
	  
From the results obtained for the microscopic surface and cross section studies, 
it was apparent that the film quality was depicting an inverse relationship with the 
increasing concentration of Sh.  This behavior of the composite films showed a 
correlation with the barrier properties of the Sh-HPMC composite films. It was 
demonstrated from the WVP analysis that the 0.1% Sh-HPMC composite film 
had lower WVP than pure HPMC. However, with increase in the Sh 
concentration, the WVP increases. It may be implied that the WVP increase in 
the film is due to the worsening film properties with more brittleness and irregular 
surface as the concentration of Sh is increasing.  Figure 4.4 shows the effect of 
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shellac concentration on the WVP of Sh-HPMC films.  According to Debeaufort et 
al., 1993) beside the structural properties of an edible film, the barrier properties 
of a film are strongly dependent on the film preparation method.  It is noted that 
the emulsified films tend to have heterogeneous structures that adversely effect 
the water vapor (WV) barrier of the film compared to laminate films.  Mchugh and 
Krochta (1994) reported that the size of lipid particles and distribution affects the 
WVP of whey protein and beeswax emulsion films.  Their finding suggested that 
with the decrease in the size of particles the WVP also decreased.   
 







4.5 Effect of shellac concentration on thermal stability  
	  
The thermal stability of the Sh-HPMC composite films were studied by 
performing TGA. Table 4.5 summarizes the percent weight loss in the composite 
films. It was observed that the there was no significant difference in the thermal 
degradation of pure HPMC compared to the varying concentration of Sh-HPMC 
composite films.  This suggests that the incorporation of Shellac did not 
significantly change the thermal stability of pure HPMC.   
 
	   %	  WEIGHT	  LOSS	  
Film	  
Temperature	  
300ºF	   325ºF	   350ºC	   375ºC	   400ºC	  
Pure	  HPMC	   6	   11	   24	   62	   87	  
0.1%	  Sh-­‐	  HPMC	   5	   9	   24	   54	   88	  
0.5	  Sh-­‐HPMC	   5	   9	   20	   54	   87	  
1.0	  %Sh-­‐HPMC	   5	   9	   20	   55	   87	  
1.5%	  Sh-­‐HPMC	   3	   7	   18	   54	   87	  
 
Table : 4.5 : Thermal stability of  HPMC-Sh films (TGA results) 
 
4.6 Effect of shellac concentration on mechanical properties of HPMC-Sh Films :  
 
Fig.4. 6 summarizes the mechanical testing results for the Sh-HPMC composite 
film.  It was noticed that there was a small decrease in TS and % elongation of 
the composite films. From earlier research conducted by Turhan & Sahbaz, 
(2004), It was found that the highest TS of HPMC is observed when the film is 
prepared with water.  This was due to the formation of numerous hydrogen 
bonds between the chains of polymer (HPMC), which leads to cohesiveness and 
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low flexibility. This observation is in agreement with the result obtained in this 
study.  It was seen that the incorporation of shellac successively decreased the 
TS of composite films (Sh-HPMC).  It is noted from previous research that Sh by 
itself has poor mechanical properties owing to its brittle nature (Phan et al., 2008).  
According to Limmatvapirat et al. (2004), Sh is composed of hard resin 
corresponding to a crystalline region, which is formed through chain-to-chain 
ester bonds. Such structure leads to rigid and brittle characteristics of a shellac 
layer. As discussed above, the film quality depreciated with the presence of 
particles at higher concentrations of Shellac. This may be contributing to the 
decrease in the % elongation in the composite films with higher concentrations of 
shellac.   
 
 
Figure 4.6 : Effect of shellac concentration on mechanical properties of Sh-HPMC films 
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The water vapor barrier properties of HPMC films were improved with the 
incorporation of Sh.  The 0.1% Sh-HPMC film was found to give the best water 
vapor barrier result as well as the best surface morphology and cross sections as 
determined by microscopic analysis. The percentage difference (%) of the WVP 
between the HPMC film and 0.1% Sh-HPMC composite film was found to be 
4.8%.  It was observed that with increasing concentration of Sh, the film quality 
became poor.  This was concluded to be a result in the difference in 
hydrophilic/hydrophobic character of the two polymers.  HPMC being hydrophilic 
is not compatible with the hydrophobic nature of shellac.  Citric acid in trace 
amount (1000:1) promoted the miscibility between Sh-HPMC. The mechanical 
properties of the composite film decreased, however the change was very small 
compared to pure HPMC film. TGA results showed that in the process of 
improving the water barrier properties of HPMC using Sh, the thermal properties 
of pure HPMC was not compromised. In future, research must be conducted to 
facilitate the solubility of HPMC with Sh. 
 
